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THE THERMODYNAMIC PROPERTIES OF
GASEOUS Ge,, GeF,, GeF,, AND GeF

by

P. A. G. O'Hare

ABSTRACT

The thermodynamic functions (G° - H§)/ T, (H° - Hg)/ T,
S°, C3,, H® - H3gs, AHf, AGf, and log Kf have been calculated
and are tabulated for Ge,, GeF,, GeF,, and GeF in the ideal
gas state at selected temperatures between 0 and 6000°K.

I. INTRODUCTION

This report deals with the molecules Ge,, GeF,, GeF,, and GeF in
the ideal gas state. Values for the thermodynamic functions*--S°, Cp,
(H°-H{)/T, (G°-H§)/T, and H® - Hyg--have been calculated by the formulas
of statistical mechanics, and are tabulated at selected intervals between
0 and 6000°K and also at 273.15 and 298.15°K. The quantities AHf, AGf, and
log Kf, based on literature values for AHfygg ,5, are tabulated at the same
temperatures.

II. CALCULATIONS

The thermodynamic functions were obtained by means of the rigid-
rotator, harmonic-oscillator approximation. Formulas used to calculate
the thermodynamic functions, together with the appropriate constants and
their values, have been given elsewhere.!’> The atomic weights of germa-
nium (72.59) and fluorine (18.9984) have been taken from the 1961 table of
atomic weights.? All the AHf, AGf, and log Kf values given in the tabulations
have been arbitrarily based on Ge,(g) and F,(g) as reference states.

*Most of the symbols used in this report have been explained in Ref, 1.



gt
g ool

0OS9rad

bas Yo

srad el

203

als

q

et e

) % g af sl S Utk ERo et Bal :
i3 yigs sead & 1% gof brs YOS S G 2 0HS e e
abt sdf ni Ted bos I8 A8 go0)

00 brg teowed Ba1uis;

vi9ini

16T bessfulicy sak bas
sxsturny bestoNleR 45

SICEE HAR:

J .58 asiuosd

s ybortziad

(e _sladib feunet Sal
iy § aeile¥ rude. disg izabi_edi
assd svan 'PJ?I' “8 Lak T U - OD! |T\(m’ﬂ
3 buiiludst sis bn
31,805 bas 81 .£75 18 sals Jive-R0000 bas
6 Gai el A 70 sy s sl pecbiesd a3
) ¥ 4 Ty ‘j
bstde 1t stepaybonsedl adl
groinntgas wisilieesointersesl |
¢ randegor  anaiidnil Simaayhesse
. vk aswiy sand eved | sacisy
ol > ar) anineall Eas (98.50)
bag 208 MR sl R eatelew st
I bk (g)eoD oo bonsd ¢iMSbise sesd
.




III. THERMODYNAMIC PROPERTIES

A. Diatomic Germanium (Ge,,g)

The internuclear distance in Ge, was estimated to be 2.35 + 0.05 A
by interpolating the bond-length data* for other homonuclear diatomic mole-
cules in the same region of the periodic table. The calculated moment of

inertia is 3.3282 x 107%® g cm®.

A value of 345 + 20 cm™! was estimated for we by Guggenheimer's
rule.® For the purposes of the estimate, it was assumed that the germanium
atoms were joined by a double bond.® For Ge,, the symmetry number (o) and
the quantum weight of the electronic state (gj) were taken to be 2 and 3,’
respectively.

Drowart and Honig’ determined D§(Ge,) to be 2.8 eV (64.6 kcal mol~!)
from a mass-spectrometric study. Enthalpy functions for Ge(g)*? and Ge,(g)
(this report) were used to adjust the data of Drowart and Honig to 298.15°K;
in this way, D3y4(Ge;) was calculated to be 65.8 kcal mol™!. Kant and
Strauss’ have reported a corroborative value of 65 + 5 kcal mol™!. A mean
value, 65.4 + 5 kcal mol~!, has been selected for D3s(Ge;). Therefore,

AHf°(Ge,,g) = 1[2AHf°(Ge,g) - Diys(Ge;)] = 113.6 + 5.1 kcal mol~?,
based on AHf°(Ge,g) = 89.5 + 0.5 kcal mol~'.%2

The thermodynamic properties of Ge,(g) are given in Table I. Be-
cause of the estimates made, the thermodynamlc data at 298.15°K are un-

certain by about 2%.

B. Germanium Tetrafluoride (GeF,,g)

An electron-diffraction study of GeF, by Caunt, Mackle, and Sutton
has shown the molecule to be tetrahedral with £(Ge-F) = 1.67 + 0.03 A.
The product of the three principal moments of inertia has been calculated

to be 1.2914 x 107! g cm®.

Caunt, Short, and Woodward!' and Woltz and Nielsen!? have investi-
gated the spectrum of GeF,; the results of the two sets of observations are
in excellent agreement. For the purposes of the present calculations, the
following vibrational frequencies (cm” ') and degeneracies have been se-
lected: 738, 205(2), 800(3), 260(3). Values of 12 and 1 were taken for ¢ and
gi,» respectively.
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TABLE I. Thermodynamic Properties of
Diatomic Germanium Gas (M = 145.1800)

T -(G‘HB)/T (HLHB)IY S° Cp

(DEGK,) (GIBBS/MOL) (GIBBS/MOL) (GIBBS/MOL) (GIBBS/MOL)
0.0C €.000 0.0000C 0.000 0.0000
100.00C 44,602 7.0237 51.625 7.3020
200.00 49,582 7.4045 56.986 8.1733
273.15 51.928 7.6553 59.584 B.4751
298415 52.602 T.7269 604329 B8.5405
300.00 52.659 7.7319 60.382 B.5448
400.00 54.907 7.9578 62.865 8.7057
500.0C 56.701 8.1163 64,817 B8.7868
600.00 58,191 8.2322 66,424 8.8327
700.00 59.467 8.3201 67.787 8.8610
8270.00 60,583 8.3890 68.972 8.8797
900.0C 61.574 Be4443 70.019 8.8926
1000.00 62.466 8.4896 70.956 8.9019
1100.00 63,277 845274 71.805 8.9089
1200,.,00 64,021 8.5594 72.580 8.9142
1320.00 64,707 B.5869 73.294 8.9183
1400.00 654344 8.6107 734955 B.9216
1500.00 65.939 8.6315 T4.571 B8.9242
1600.0C 664497 B.6499 75.147 B8.9264
1700.00 67.022 Be 6662 75.688 8.9282
1850.00 67.517 8.6808 76,198 B.9297
1900.0¢C 67.987 B.6939 T6.681 8.9310
2000.0C 68,433 8.7058 77.139 8.9321
2209.0C 69,264 B.7265 77.991 8.9338
2400.0C 70.024 B.7438 78,768 8.9352
2600.0C 70,725 B.7586 T9.453 B8.9362
2800.00 T1.374 8.7713 80.145 8.9371
3C000.00 71.989 8.7824 80.762 8.9377
3200.0C T2.547 8.7921 B8l.339 8.9383
3400.0C 73.089 8.8007 8le.841 8.9387
3600.0C 73.583 8.8084 B2.392 8.9391
3800.00 T4.060 8.8153 B2.875 8.9394
4000.0C T4.512 6.8215 83,334 8.9397
4200.00 T4.943 8.8271 B3.770 B8.9399
4400.,00C 75.353 8.8322 B4,186 8.9401
4607.00 75.746 8.8369 84,583 B8.9403
4800.0C T6.122 8.8413 84,964 B8.9405
5000.00 76.483 B.8452 85.329 B8.9406
5200.0G6 T6.839 B.8489 B85.679 8.9407
5400.00C T7.164 8.8523 86.017 B+ 9409
5600.00 T7.486 8.8555 864342 8.9409
5800.0C 77.797 8.8584 B6.656 8.9410

6000.00 78,097 8.8612 86.959 8.9411
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'TABLE I (Contd.)

T (H’-Hags) - AHf - AGE LOG Kf
(DEGeKs) (KCAL/MOL) (KCAL/MOL) (KCAL/MOL)

0.00 -2.3038 0.00 0.00 INF
170.00 -1.6014 0.00 0.00 0.00
200,00 -0.8229 0.00 0.00 0.00
273.15 -0.2127 0.00 0.00 0.00
298.15 0.0000 0.00 0.00 0.00
300.00 0.0158 0.00 0.00 0.00
400.00 0.8793 0.00 0.00 0.00
500.00 1.7544 0.00 0.00 0.00
600.00 2.6355 0.00 0.00 0.00
700.00 3.5203 0.00 0.00 0.00
800.00 4.4074 0.00 0.00 0.00
900.00 5.2961 0.00 0.00 0.00

1020.00 6.1858 0.00 0.00 0.00
1100.0C 7.0764 0.00 0.00 0.00
1200.00 T7.9676 0.00 0.00 0.00
1300.00 8.8592 C.0% 0.00 0.00
1400.00 9.7512 0.00 0.00 0.00
1500.00 10.6435 G.00 0.00 0.00
1600.00 11.5360 0.00 0.00 0.00
1700.0C 12.4287 0.00 0.00 0.00
1800.0C 13.3216 .00 0.00 0.00
1500.00 14,2147 C.00 .00 0.00
2000.00 15.1078 0.00 0.00 0.00
2200.0C 16.8944 0.00 0.00 0.00
2400.00 18.6813 0.00 0.00 0.00
2600.0C 20.4685 0.00 0.00 0.00
2800.00 22.2558 0.00 » 0.00 0.00
3000.0C 24.0433 0.00 0.00 0.00
3200.00 25.8309 0.00 0.00 0.00
3400.00 27.6186 0.09 0.00 0.00
3600.0C 29.4064 0.00 0.00 0.00C
3600.0C 31.1942 0.00 0.00 0.00
4000.0C 32.9821 0.00 0.00 0.00
4200.0C 34,7701 0.0C 0.00 0.00
4400.0C 36.5581 0.0C 0.00 0.00C
4600.00 3843462 0.0C 0.00 0.00
4800.0C 40,1342 0.0¢C 0.00 0.00
5000.0C 41.9224 0.0C 0.0C 0.00
5200.0C 43,7105 0.00 0.00 0.00
5400.0C 45,4986 0.0% 0.00 0.00
5600.0C 47.2868 0.0C 0.00 0.00
5800.0C 49,0750 0.0C 0.00C 0.00

6000.00 50.8632 0.07 0.00 0.00
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A weighted mean value, -284.45 + 0.12 kcal mol™}, has been recom-
mended!® for AHf°(GeFy,g). The enthalpy of formation, based on the reaction

3Gea(g) + 2F,(g) =~ GeF4(g), (1
is calculated to be -341.25 kcal mol™}.

The thermodynamic properties for GeFy, listed in Table II, extend
and update previous calculations by Voelz'* and Ku&irek and Papoukek.'®

C. Germanium Difluoride (GeF,,g)

The Ge-F bond length and the FGeF bond angle in GeF, have been
estimated to be 1.72 + 0.02 A and 100 + 3°, respectively, by comparison
with CFZ.“"" SiF,;,'® and PbF,.!? The product of the three principal moments
of inertia has been calculated to be 8.8802 x 107'*% g* cm®,

Spectroscopic data for GeF,(g) have been published recently,?® and
the vibrational frequencies were found to be 692, 663, and 263 cm™!. By
analogy with SiI:"z,21 g; was taken to be unity; o was taken to be 2.

Margrave and coworkers?? have reported a value of 6.1 *
1.5 kcal mol~! for the enthalpy of the reaction

2GeF,(g) =~ Ge(g) + GeFy(g). (2)

Enthalpies of formation given in the present geport have been used to derive
a value for AHf°(GeF,,g) from Eq. 2. Thus,

AHf°(GeF,,g) = 1[89.5 - 284.45 - 6.1] = -100.53 kcal mol™’.
For the reaction

1Gey(g) + Falg) ~ GeF(g), (3)
AHf(GeF,,g) is calculated to be -157.33 kcal mol™!,

The thermodynamic properties for GeF, are given in Table III.

D. Germanium Monofluoride (GeF,g)

Herzberg? has given 665.2 and 2.79 cm™! for w, and weXe, respec-
tively. The above value for w,, in conjunction with Guggenheimer's rule,®
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-TABLE II. Thermodynamic Properties of
Germanium Tetrafluoride (M = 145.5836)

T =(G2Hy ) /T (HEHE ) /T s® Cp

(CEGeKa) (GIBBS/MOL) (GIBBS/MOL) (GIBBS/MOL) (GIBBS/MOL)
0.00 0.000 0.000¢C 0.000 0.0000
100.0C 46,039 9.1398 55,178 12.0557
200.00 53,250 11.8800 65.130 16.6737
PNTB.1S 57.197 13.4780 70.675 18.9238
298.15 58.398 13.9619 72.360 19.5619
300.00 58.485 13.9965 72.481 19.6066
400,00 624749 15.6603 78.409 21.5514
500.00 664390 16,9713 83.361 22.7864
600.00 69.579 18.0115 87.591 23.5828
700.0C 72.421 18.8478 91.269 24,1147
800.00 74,984 19.5305 94,514 24,4832
900.0C 77.318 20.0963 97.414 24,7472
1000.0C 79.461 20.5716 100.032 24,9421
1100.0¢C 8l.441 20,9759 102.417 25.0895
1200.00 83,281 21.3236 104,605 25.2037
1300.00 85.0CN 21.6257 106,626 25.2937
1400.0C 86.613 21.8904 108.503 25.3658
1500.0C 8R.131 22.1241 110,255 25.4246
1600.00C 89.566 22.3319 111.898 25.4729
1700.0C 90.925 22.5179 113,443 25.5133
1800.00C 92.217 22.6853 114.902 25.5472
1900.00 93,448 22.8367 116.284 25.5761
2000.00 94,623 22.9743 117.597 25.6008
2200.0C 96.824 23.2150 120.039 25.6406
2400.00 98.853 23,4184 122.271 25.6711
2600.00 10C. 734 23.5927 124.327 25.6949
2800.0C 102.489 23.7435 126,232 25.7138
3000.0C 104.131 23.8754 128.007 25.7291
3200.00 105.676 23,9917 129.668 25.7416
3400.00 107.134 24,0949 131.228 25.7520
3600.0C 108.513 24.1872 132.701 25.7607
3800.00C 109.823 24,2702 134,094 25.7681
4000,00 111.070 24,3453 135.416 25.7745
4200,00 112.260 24,4135 136,673 25.7799
4400,00 113,397 24,4757 137.873 25.7846
4600.,00C 114.486 2445327 139,019 25.7887
4800,00 115.531 2445851 140.117 25.7924
5000.0C 1164536 24,6335 141.169 25.7956
5200.00 117.503 24,6782 142.181 25.7984
5400.00 118.435 24,7198 143.155 25.8009
5600.0C 119.335 24.7584 144,093 25.8032
5800.00 1204204 24,7945 144,999 25.8052

6000.00 121.045 24.8282 145.874 25.8070
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i §
(DEGeKs)

0.00
100.0C
200.00
273,15
298.15
300.00
400.00
500.00C
600.00
700.00
800.00
500.0C

1000.00
1100.00
1200.0C
1300.0¢C
1400.0C
1500.00
1620.0C
1700.00
1800.00
1900.00
2000.00
2200.0C
2400.0C
2600.0C
2800.0C
3000.0C
3200.0C
3400.0C
3600.00
3800.00
4C00.0C
4200.00
4400.00
4600.0C
4800.00C
5000.0C
5200.00
5400.0C
5600.00
5800.0C
6000.00

0 mHo
(H H298’

(KCAL/MOL)

-4,1627
-3.2488
-1.7867
-0.4812
0.C0CO
0.0362
2.1014
4.3229
6.6442
9.0307
11.4617
13.6239
L6.408A
18.5107
21.4256
23.5507
2644838
29.C234
31.5684
34,1177
36,6708
39,2270
41,7859
4645102
52.0415
57.1782
62.3191
67.4634
72.6105
T7.7599
82.5112
88.C641
93.2184
98.3739
103.5303
108.6877
113.8458
119.0046
124.1640
12932239
134.4843
139.6452
144.8064

TABLE II (Contd.)

- aHf
(KCAL/MOL)

340,04
340.87
341.20
341.26
341.25
341.25
341.16
340.99
340.77
340.53
340.27
340.01
339.74
339.46
339.19
338.91
338.64
338.37
338.10
337.83
337.57
337.31
337.05
336455
336.06
335.58
335.12 »
334.67
334,24
333.83
333.43
333.04
332.68
332.33
331.99
331.67
331.37
331.09
330.82
330.57
330.33
330.11
329.91

- AGE
(KCAL/MOL)

340.04
335.67
330.31
326.37
324.94
324.84
319.38
313.96
308.57
303.22
297.91
292.63
287.38
282.16
276.96
27179
266.64
261.50
256.39
251.29
246.21
241.14
236.08
226.01
215.98
206.00
196.05
186.13
176,24
166.38
156.53
146.71
136.92
127.14
117.38
107.63

97.89

88.17

T8.46

68.77

59.07

49.38

39.71

LOG Kf

INF
733.60
360.94
261.13
238.19
236.65
174.50
137.23
112.40

94.67
81.39
71.06
62.81
56.06
50.“‘
‘5.69
‘1.62
38.10
35.02
32.31
29.89
27.7‘
25.80
22445
19.67
17.32
15.30
13.56
12.04
10.69
9.50
B.44
T.48
6.62
5.83
5.11
4e46
3.85
3.3C
2.78
2.31
1.86
1.45
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TABLE III. Thermodynamic Properties of
Germanium Difluoride (M = 110.5868)

- O S ° ° °

T (G H(;HT (H H/T S Cp
(DEG.K.)  (GIBBS/MOL)  (GIBBS/MOL)  (GIBBS/MOL)  (GIBBS/MOL)
0.00 0.000 0.0000 0.000 0.0000
100.00 45,748 8.1259 53.874 8.6482
200.00 51.567 8.7658 60.333 10.1697
273.15 54.375 9.2796 63.655 11.1580
298.15 55.195 9.4489 64.644 11.4355
300.00 554254 9.4612 64,715 11.4548
400.00 58.062 10.0703 68.132 12.2719
500.00 60.364 10.5641 70.928 12.7665
600.00 62.326 10.9588 73.285 13.0756
700.00 644040 11.2766 75.317 13.2779
800.00 65,564 11.5360 77.100C 13.4161
900.00 66,935 11.7506 78.686 13.5143
1000.00 68.183 11.9308 80.114 13.5862
1100.00 69.327 12.0838 8l.411 13.6404
1200.00 70.385 12.2154 82.600 13.6822
1300.00 71.367 12.3295 83.696 13.7150
1400.00 72.284 12.4294 84.714 13.7413
1500.00 73.145 12.5176 85.663 13.7626
1600.00 73.955 12.5960 86.551 13.7802
1700.00 T4.721 12.6661 87.387 13,7948
1800.00 75.447 12.7292 88.176 13.8071
1900.00 764137 12.7862 88.923 13.8175
2000.00 76.794 12.8380 89.632 13.8265
2200.00 78.022 12.9285 90,950 13.8409
2400.00 79.150 13.0050 92.155 13.8518
2600.00 80.194 13.0705 93.264 13.8604
2800.00 8l.165 13.1272 944292 13.8672
3000.00 82.072 13.1767 95.249 13.8727
3200.00 82.924 13,2204 964144 13.8773
3400.00 83.726 13.2591 96.986 13.8810
3600.00 84.485 13.2938 97.779 13.8841
3800.00 85.205 13.3249 98.530 13.8868
4000.00 85.889 13.3531 99.242 13.8891
4200.00 86.541 13.3786 99.920 13.8910
4400.00 87.164 13.4020 100.566 13.8927
4600.00 87.760 13.4233 101.184 13.8942
4800.00 88.332 13.4430 101.775 13.8955
5000.00 88.881 13.4611 102.342 13.8967
5200.00 89.410 13.4779 102.887 13.8977
5400.00 89.919 13.4934 103.412 13.8986
5600.00 90.410 13.5079 103,917 13.8994
5800.00 90.884 13.5214 104.405 13.9001

6000.00 91.342 13.5341 104.876 13.9008
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T
(DEG.Ka )

0.00
100.00
200.00
273.15
298.15
300.00
400.0C
500.0C
600.0C
700.00
800.00C
900.00

1000.00
1100.00
1200.00
1300.00
1400.00
1500.00
1600.0C
1700.00
1800.00
1900.00C
2000.00
2200.00
2400.00
2600.00
2800.00
3000.00
3200.0C
3400.00
3600.00
3800.00C
4000.00
4200.00
4400.00C
4600.00C
4800.00
5000.00
5200.0C
5400.00
5600.0C
5800.00C
6000.0C

(H =Hygg )
(KCAL/MOL)

-2.8172
-2.0046
-1.0640
-0.2825

0.0000

0.0212

1.2109

2.4649

3.7581

5.0765

6.4116

T.7584

9.1136
10.4750
11.8412
13.2112
14.5840
15.9593
17.3364
18.7152
20.0953
21.4766
22.8588
25.6256
2843949
31.1661
33.9389
36.7130
39.4880
42.2638
45.0403
47.8174
50.5950
53.3730
56.1514
58.9301
61.7091
64.4883
67.2677
70.0474
72.8272
75.6071
78.3872

TABLE III (Contd.)

- AHE
(KCAL/MOL)

156.89
157.12
157.27
157.32
157.33
157.33
157.34
157.33
157.31
157.29
157.26
157.24
157.21
157.19
157.16
157.14
157.12
157.10
157.09
157.07
157.06
157.05
157.04
157.03
157.03
157.04
157.05
157.07
157.10
157.14
157.18
157.24
157.30
157.37
157.45
157.54
157.64
157.74
157.86
157.98
158.11
158.24
158.3§

- AGF
(KCAL/MOL)

156.89
155.86
154.53
153.54
153.17
153.14
151.74
150.34
148.94
147.55
146.16
144,78
143.39
142.01
140.63
139.26
137.88
136.51
135.14
133.76
132.39
131.02
129.65
126.92
124.18
121.44
118.70
115.96
113.22
110.48
107.73
104.98
102.23

99.47

96.71

93.95

9l1.18

88.41

85.64

82.86

80.07

77.28

T4.49

LOG Kf

INF
340.62
168.86
122.85
112.27
111.56

82.91
65.71
54.25
46.07
39.93
35.16
31.3‘
28.22
25.61
23.41
21.52
19.89
18.46
17.20
16.07
15.07
14.17
12.61
11.31
10.21
9.27
B.45
T.73
T.10
6.54
6.04
5.59
5.18
4.80
4.46
4.15
3.86
3.60
3.35
3.12
2.91
2.71
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has been used to estimate a value of 1.70 + 0.03 A for /{Ge - F). The moment
of intertia of GeF is calculated to be 7.2256 x 10™*? g cm?. The values of 0
and gj were taken to be 1 and 2, respectively.

The enthalpy of formation of GeF(g) is based on a value of 7.7 #

0.3 kcal mol™!, determined by Margrave et al.,?? for the enthalpy of the
reaction

Ge(g) + CaF(g) - Cal(g) + GeF(g). (4)
The enthalpy of formation of CaF(g) has been calculated from the relationship
AHf°(CaF,g) = AHf°(Ca,g) + AHf°(F,g) - D3qg(CaF). (5)
In Eq. 5, AHf°(Ca,g) was taken to be 42.6 + 0.4 kcal mol~!,8b AHf°(F,g) was
taken to be 18.9 + 0.1 kcal mol™},?* and D$e(CaF) was taken to be 127.5 +
2.5 kcal mol~'.?®* Thus, AHf°(CaF,g) is calculated to be -66.0 * 2.6 kcal
mol~}; insertion of this value into Eq. 4 yields
AHf°(GeF,g) = -11.4 + 3 kcal mol™!.*
On the basis of the reaction
3Ge,(g) + 3F2(g) = GeF(g), (6)

AHf(GeF,g) is calculated to be -68.2 + 3.1 kcal mol~.

The thermodynamic properties of GeF(g) are given in Table IV.
»

The value of 114 kcal mol~1 for D(GeF), obtained by linear extrapolation of the spectroscopic data of
Barrow et al..26 is surprisingly close to the value of 120 * 3 kcal mol~1, which can be derived from

AHO(GeF).
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T
(DEG.K.)

0.0C
100.0C
200.0C
£73+15
298,15
300.00C
400,0C
500.0C
€00.0C
7C0.0C
€00.0C
900.0C
1000.0C
1100.0C
1200.0C
13C0.0C
1400.0C
1500.0C
1600.0C
1700.0C
1800.0C
1500.0C
2C00N.0C
2200.00
24N00.0C
2600.0C
2800.0C
30017.0C
3200.0C
3400.00C
36C0.0C
3800.0C
4C00.0C
4200.0C
4400.0C
4600.0C
4800.0C
5C20.0C
5200.0C
5400.0C
5600.00C
58C0.0C
6000.0C

TABLE IV. Thermodynamic Properties of
Germanium Monofluoride (M = 91.5884)

- (G&R®
(G Ho)/T
(GIBBS/MOL)

0.000
40,754
45,590
47.803
48,434
48,478
50.588
52,268
53,670
54,877
55,938
564884
57.738
58.518
59,234
55,897
60,514
61,091
61.632
62.143
624626
63.084
63.520
64,333
65.078
654765
664404
664999
67.558
68.083
68,580
694050
694497
65.922
70.328
70.717
71.089
T1.447
71,790
725121
72,440
72.749
73.047

LN
(H HB)/T
(GIBBS/MOL)

0.0000
6.9528
7.0359
Te1745
T.2274
T.2314
T.4390
T.6192
T.7681
7.8901
7.9909
8.0746
8.1459
8.2065
8.2587
8.3041
8.3440
843792
844106
8.4387
B.4640
B.4869
8.5077
B.5442
845750
8.6015
Be6243
B.6444
B.6620
8.6777
8.6917
8.7043
847157
8.7261
8.7356
BeT442
8.7522
8.7595
B.T7664
Bs7727
B.7786
8.784C
8.7892

S°
(GIBBS/MCL)

0.C00
47.707
52.626
54.978
55.661
55.710
58.027
59.887
61.438
62.767
63.928
64,959
65.884
66.724
67.493
68.201
68.858
69.470
70.043
70.582
71.C90
71.571
72.028
72.877
73.653
T4.367
75.028
75.644
76.220
T6.761
77.271
T7.754
78.212
T8.648
79.064
79.461
79.841
8C.206
80.557
80.894
81.216
8l.533
B8l.836

cp
(GIBBS/MOL)

0.0000
6.9686
7.3509
T«T465
T.8636
7.8718
B.2236
B8.4395
B8.5751
B8.6639
B.T247
B.7679
8.7996
8.8234
8.8418
8.8563
8.8679
8.8773
8.8850
8.8914
8.8968
8.9054
8.9117
8.9166
8.9203
8.9233
8.9258
B8.9277
B.9294
8.9308
8.9320
8.9330
8.9338
B8.9346
8.9352
8.9358
8.9363
8.9367
8.9371
8.9375
8.9378
8.9381
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T
(DEGeKas)

0.00
100.0C
200.0C
273415
298.15
300.0C
400.0C
500.00
600.0C
700.0C
800.0C
900.00C

1000.0C
1100.00
1200.00
1300.0C
1400.0C
1500.0C
1600.0C
1700.00
1800.0C
1900.0¢C
2000.0C
2200.00
2400.00C
2600.00C
2800.0C
3000.0C
3200.00
3400.0C
3600.0C
3800.0C
4000.0C
4200.0C
4400.00
4600.0C
4800.0C
5000.0C
5200.0C
5400.0C
5600.0C
5800.0C
6000.00

0 o p©
(H H298 )

(KCAL/MOL)

-2.1549
-1.4596
=0.7477
-0.1952
0.0000
0.0146
0.8207
1l.6548
2.5060
3.3682
4.2378
5.1126
5.9910
6.8722
T.7555
8.6405
9.5267
10.4140
11.3021
12.1909
13.0804
13.5703
14.8606
l6.6424
18.4252
20.2089
2129933
23.7782
2545636
27.3493
29.1353
30.9216
32.7081
34.4948
36.2816
38.0686
39.8557
41.6429
43,4302
45,2176
47.C051
4B.7G26
50.5802

TABLE IV (Contd.)

= AHf
(KCAL/MOL)

68.15
68.15
68.18
68.20
68.20
68.20
68.21
68.22
68.22
68.23
68.24
68.24
68.25
68.26
68.27
68.29
68.30
68.31
68.33
68.35
68436
68.38
68,40
68.44
68.49
68454
68.60
68.66
68.72
68.79
68.86
68.94
69.02
69.11
69.20
69.29
69.39
€9.49
69.59
69.70
69.82
€9.94
70.06

- AGE
(KCAL/MOL)

68.15
68.31
68445
68.56
68.58
68.58
68.71
68.83
68.95
69.07
69.19
69.31
69.43
69.55
69.67
69.78
69.90
70.01
70.12
70.23
70.34
70.45
70.56
70.78
70.99
71.19
71.39
7‘.59
71.78
71.97
72.16
T2.34
72.52
72.69
72.86
73.02
73.18
73.34
73.49
73.64
73.78
73.92
T4.06

LOG Kf

INF
149.28
T74.80
54.86
50.27
49.96
37.54
30.09
25.12
21.57
18.90
16.83
1517
13.82
12.69
11.73
10.91
10.20
9.58
9.03
B.54
8.10
T.71
7.03
6.46
5.98
5.57
5.22
4.90
4.63
4.38
4.16
3.96
3.78
3.62
3.47
3.33
3.21
3.09
2.98
2.88
2.79
2.70



Bl L iS. S8

Fd 1
BSvel
Lo S0 ¢
afind
§5.0¢
“o‘r"
22 LTE
ROCOF
Sia2C
TRedS
o |
£B i
SEEe 1
St
Lol
(38 WA 8 4
1€.04
08.01
B8€ ¥
EPw5
@5
01:2
£525
£0.Y
Aa 2
8P,
Pt

A

diqe

£, !

5O
T
o ;

AT B

L bdns

e (87 % ¢

sl -

t 3mwA JADSS

iBa
& w80
= 1
o8 .80
GRS
2203

S50

-

TVRY 0~
Sl?l.ﬂ-
2000.0
24103,.0
1058.0
Spddsf

AT s gy
SEa%, £
TEESS
S ER
sier . 2

$LVE 40

L3

e
SESb et
FEOR 08
3 .‘)"a"')
SHETY 55
M SRS
Yela s
F 3% LS
YA, 08
NETSE
g o
ADE Ol
dddd. 8L
CoeBPE
R osle
GaEegtsé
NWiEsaee
F200.%e
ASr 8

098,08 °

30,0048
Je.0028"
a8, 0008
pOLDAvE
$0.0081
30.00€ ]
3T . 0008
30,0085,
00088 -
00,0088
30,0088
30.000E
20.00%€
0. 00%E
90« 0088
90 < 0BE
00,0004
20.0084.
DU UM
90.0&‘#-"
90,0004
0002



ACKNOWLEDGMENT

I thank H. M. Feder and M. Ader for helpful discussions of the
material contained in this report.

16



SHFTs eneisenseih lglad 5




9.

10,

2Ls

12,

13.

14,
15.
16.
17.

18.

19,

REFERENCES

P. A. G. 0'Hare, The Thermodynamic Properties of Some Chalcogen
Fluorides, ANL-7315 (July 1968).

J. E. Mayer and M. G. Mayer, Statistical Mechanice, John Wiley and Sons,
Inc., New York (1940).

A. E, Cameron and E. Wichers, J. Am. Chem. Soc. 84, 4175 (1962).

L. Pauling, The Nature of the Chemical Bond, 3rd Ed., Cornell Univ.
Press, Ithaca, New York (1960).

K. M. Guggenheimer, Proc. Phys. Soc. (London) 58, 456 (1946).

A. C. Wahl, Science 151, 961 (1966); A. W. Searcy, Progr. Inorg. Chem.
3, 49 (1962).

J. Drowart and R. E. Honig, J. Phys. Chem. 61, 980 (1957).

a. R. Hultgren, R. L. Orr, and K. K. Kelley, Supplement to Selected
Values of Thermodynamic Properties of Metals and Alloys, Univ. of
Calif., Berkeley, Calif. (March 1965).

b. Ibid. (Jan 1968).

A. Kant and B. H. Strauss, J. Chem. Phys. 45, 822 (1966).

A. D, Caunt, H. Mackle, and L. E. Sutton, Trans. Faraday Soc. 47, 943
(1951).

A. D, Caunt, L. N, Short, and L. A. Woodward, Trans. Faraday Soc. 48,
873 (1952). "

P. J. H. Woltz and A. H. Nielsen, J. Chem. Phys. 20, 307 (1952).

P. A. G. O'Hare, J. Johnson, B, Klamecki, M. Mulvihill, and W. N.
Hubbard, J. Chem. Thermodyn. 1 (1969).

F. L. Voelz, J. Chem. Phys. 20, 1662 (1952).

J. Kuéfrek and D. Papousek, Coll. Czech. Chem. Commun. 25, 31 (1960).
F. X. Powell and D. R. Lide, Jr., J. Chem. Phys. 45, 1067 (1966).

C. W. Mathews, J. Chem. Phys. 45, 1068 (1966).

V. M. Khanna, R. Hauge, R. F. Curl, Jr., and J. L. Margrave, J. Chem.
Phys. 47, 5031 (1967).

P. A. Akishin, V. P. Spiridonov, and A. N. Khodchenkov, Zh. Fiz. Khim.
32, 1679 (1958).

17



S8, (grond

ﬂ""'“.h.u.‘

R881H el

G U

Lhabsol | &

AV ¢

AGERL) ol

%2

Botening «
G wioll A

<O TY

N

Yoress

SABER1)

208

£4R D

28 202 ysBe¥ed eoeaT | bravlnoll LA g L FiodE MO T awed 0 A GEE
.(S20L) EXB =
(S2QL) TOL., 08 LowdS msdD . L ueeiel¥ (R .4 bns ssloW .H .U € 85
Nobpw o JTibdbviad M, JLezpdel. L SFGH'0 .D A = 1 3
TySomsedT el (L Dasddul
BRI Sedl (OR Lavdd .ol L Adaat ¥ o¥
9ol o3 LMD e 10839 . 1180 dssuoie® G B .io;lm ~4“
gy T avdd medD L oW (abld B M baw Shewet XN
OI) BA0T 3% LeedY D L0 GONMSAI N WD
Y SFEIVEIE e 4 (73 .1 4 a8l .8 asosidX Q‘ .’ E
.HMI} l{“ .‘5 M
s . 5 wodaa 0 WA - bas ."mzonttql P, & .7

s heas’

Vgetog Sos welil¥ adol | wolw

6% {ovhgel) . . 50d

(2388 W LA (8001

%%

3 Sererad il
AT R

ainisd Yo aad ;o s rmmangbomeiil So weuleN
ACHOL dengl) 3ilad valsieed | 21D
WL nsil) .BYdYI 4
T T _::.3:1313'«’. B8 bos 3omX AL
anesT [ mot3ui .1 bas sliask R [Inusd 4 A .nl

£

v

Le

¥

Jenlind (3

bttt T sremel ;-'\Wﬂ‘m

SEOMAAGRAT

Forugrdd © »m‘.{,m uﬂ :
(Na@L k) REEY -d%

a¥ SpelresthHit Lssval 3 .' i.
.(G‘@l} “
gl 4 L, 2iedfsdV .8 -Bas m .‘

=t -

wu.nﬂ o
o‘m ol i .nulﬂ Lenerd

oo18  rsafedneggud .K‘,-‘l

(30 131 sosaind , hisw 9N
L5800y ed B

L mp

aen) L avid (8inoE 8 .2 bon yeewoad LG

A bos 3v0 J A ossgiicl A

(IR0




20.

21.

22,

23.

24,

25.

26.

J. W. Hastie, R. Hauge, and J. L. Margrave, J. Phys. Chem. 72, 4492
(1968).

JANAF Thermochemical Tables, The Dow Chemical Company, Midland, Mich.
(June 1968).

R. Hauge, J. Hastie, K. Zmbov, and J. L. Margrave, "Thermodynamics of
Vaporization of GeF,, SnF,, and PbF, and Bond Dissociation Energies of

Group IV A Fluorides," Proc. Intl. Symp. High Temperature Technology,
Asilomar, Calif. (Sept 1967).

G. Herzberg, Spectra of Diatomic Molecules, D. Van Nostrand Co., New
York (1950).

D. D. Wagman et al., U.S. National Bureau of Standards Technical Notes,
No. 270-3, Washington, D.C. (1968).

J. W. Hastie and J. L. Margrave, J. Chem. Eng. Data 13, 428 (1968).

R. F. Barrow, D. Butler, J. W. C. Johns, and J. L. Powell, Proc. Phys.
Soc. (London) 73, 317 (1959).

18






e L s,

Wi




